Abstract Heat shock protein 60 (HSP60) is a highly conserved and multi-functional molecular chaperone that plays an essential role in both cellular metabolism and stress response. Portunus trituberculatus is an important marine fishery and aquaculture species, and water salinity condition influenced its artificial propagations significantly. In order to investigate the function of P. trituberculatus HSP60 against osmotic stress, P. trituberculatus HSP60 gene was firstly cloned. The full-length cDNA of PtHSP60 contains 1,743 nucleotides encoding 577 amino acids with a calculated molecular weight of 61.25 kDa. Multiple alignments indicated that the deduced amino acid sequences of PtHSP60 shared a high level of identity with invertebrate and vertebrate HSP60 sequence including shrimp, fruit fly, zebrafish, and human. The expression profiles of PtHSP60 at mRNA and protein levels under salinity treatment were investigated by semi-quantitative reverse transcriptasepolymerase chain reaction (RT-PCR) and Western blot analysis, respectively. It was found that the mRNA transcripts of PtHSP60 gene varied among different tissues under normal salinity conditions, and the antennal gland showed the highest expression level among the tissues tested. As for low salinity challenge, the mRNA expression of PtHSP60 gene was higher in the gill and appendicular muscle compared with other tissues, and gill and hypodermis represented the higher gene expressions during the hyperosmotic stress, which indicated that those tissues were salinitysensitive tissues. In addition, salinity challenges significantly altered the expression of PtHSP60 at mRNA and protein level in a salinity-and time-dependent manner in P. trituberculatus gill tissue. The results indicate that PtHSP60 played important roles in mediating the salinity stress in P. trituberculatus.
Introduction
Heat shock proteins (HSPs) are highly conserved proteins found in all eukaryotes and prokaryotes. These proteins are present in all cells in all forms of life and in a variety of intracellular locations, such as the cytosol of prokaryotes, as well as the nuclei, endoplasmic reticulum (ER), mitochondria, chloroplasts, and cytosol of eukaryotes (Lindquist and Craig 1988) .
HSPs gene families consist of stress-inducible and constitutively expressed genes (Parsell and Lindquist 1993) . Environmental stresses such as high temperature (Spees et al. 2002a) , heavy metals (Pedersen and Lundebye 1996) , salinity (Gonzalez and Bradley 1994) , and polluting chemical compounds (Werner and Nagel 1997) are all stimuli for the production of HSPs. Several studies demonstrated that HSPs display other essential roles including folding, assembly, intracellular localization and degradation of other proteins and regulation of gene expression (Lindquist and Craig 1988; Morimoto 1998; Terasawa et al. 2005) .
Generally, HSPs can be divided into five families according to the molecular weight of their subunits: HSP100, HSP90, HSP70, HSP60, and small HSPs (Georgopoulos and Welch 1993; Nover and Scharf 1997) . The HSP60 or chaperonin family is a group of proteins with distinct ringshaped, or toroid quaternary structures (Quintana and Cohen 2005) . An important activity of HSP60s is mediation of the native folding of proteins in an ATP-dependent manner (Ellis and van der Vies 1991) .
Up to the present, most studies of HSP60 are focused on mammals and typical model organisms. Lots of studies have indicated its possible role in certain cellular processes, such as germ cell differentiation, reproduction, development, thermo protection, mammalian autoimmune defense, and toxic stress response, and it was even regarded as an potential environment stress marker (Kozlova et al. 1997; Meinhardt et al. 1999; Timakov and Zhang 2001; Choresh et al. 2001; Vabulas et al. 2001; Kammenga et al. 1998; Chen et al. 2008) . However, little is known on the response of HSP60 against osmotic exposure. As for HSP60 gene sequence information, relatively little gene information regarding HSP60s of aquatic invertebrates has been obtained, including sea anemone (Anemonia viridis) (Choresh et al. 2001; 2004) , zebra mussel (Dreissena polymorpha) (Clayton et al. 2000) , and white shrimp (Litopenaeus vannamei) (Zhou et al. 2010; Huang et al. 2011 ). Yet no sequence of HSP60 is cloned from any crab species to date.
The swimming crab Portunus trituberculatus (Crustacea: Decapoda: Brachyura), also called Japanese blue crab, is widely distributed in the coastal waters of Japan, Korea, China, and Taiwan (Dai et al. 1986 ). This species is one of the most common edible crabs in China and Korea and supports a large crab fishery and aquaculture in China (Sun 1984) .
P. trituberculatus is a euryhaline crab species, surviving in wide-range salinity conditions, but different water salinity condition might influence its distribution and migration route (Dai 1977; Dai et al. 1986; Xue et al. 1997) . Water salinity condition is also an important factor for artificial propagation of the swimming crab. Some studies focused on the salinity response in P. trituberculatus found that variable salinity could significantly influence larval development and high level salinity condition would even inhibit zoea change to megalops (Ji 2005; Guo et al. 2003) . However, most of these studies concentrated on physiological characterization of P. trituberculatus, there is little information on genomic response of swimming crab exposed to environmental salinity stress.
In our previous study, gill cDNA library of expressed sequence tags (ESTs) were constructed from the swimming crab exposed to two different salinity challenges (10 and 35 ppt) (Xu et al. 2010) . To investigate gene expression in the P. trituberculatus exposed to different salinity stresses, 2,426 ESTs from gill cDNA library were selected to spot on a cDNA microarray chip (Xu and Liu 2011) . Our cDNA microarray data suggested that there were differences in gene expression patterns of P. trituberculatus for low salinity and high salinity acclimation, and a series of genes including HSPs genes were suggested to be key elements during salinity acclimation process (Xu and Liu 2011) .
In this paper, we report the molecular cloning of a fulllength cDNA encoding HSP60 from P. trituberculatus and compare the expression patterns at transcription and protein levels of HSP60 by semi-quantitative RT-PCR and Western blot analysis. The results of our study will provide insight for salinity stress-related cellular response in the crustacean and may also be useful for identifying the potential biomarkers of environmental stressors in P. trituberculatus.
Materials and methods

Animal collection and salinity challenge
The specimens of P. trituberculatus were collected from Zhoushan Archipelago of the East China Sea. The salinity challenge experiment was performed as described previously (Xu et al. 2010) . Briefly, all the samples were calmed down in the lab breeding conditions (25 ppt, 18°C) with a constant air supply. After acclimation for 3 days, the specimens were divided into two groups and acclimated to two different salinity challenges (10 or 40 ppt) at 18°C.
After salinity challenge for 24 h, three individuals in each salinity group were randomly selected and various tissues, including gill (the 6th pair of gills), gill muscle, ovary, antennal gland, abdominal muscle, hypodermis, heart, and intestine were dissected and then frozen in a −80°C freezer. To determine the expression levels after exposure for different lengths of time to salinity treatment, three crabs from each treatment were sampled at 12, 24, 48, 72, and 120 h, respectively. Since main functions of posterior gills of the swimming crab were osmotic regulation (Jiang and Xu 2011) , the 6th and 7th gills of each crab were dissected from each sample at each time point then stored in a −80°C freezer.
RNA extraction
The harvested tissue samples were treated with TRIZOL reagent (Invitrogen) according to the manufacturer's protocol to extract total RNA. The concentration of RNA was determined spectrophotometrically. All 260/280 ratios were between 1.8 and 2.1. Quality of the RNA was checked by observing intact rRNA on denaturing RNA gels. Extracted RNA was stored in a −80°C freezer for later use.
Cloning and sequencing of PtHSP60 full-length cDNA In our previous study, gill cDNA library was constructed by using the SMART cDNA Library Construction Kit described as Xu et al. 2010 . In total, 4,433 randomly collected clones were sequenced using an ABI Prism 3,730 automated sequencer and the partial HSP60 cDNA sequences (PT0005F02) were obtained from this EST library (Xu et al. 2010) .
In order to acquire full-length PtHSP60 sequence, we designed three primers: PtHSP60-F1 (5′ CAC GCT ACC TCT GTG TTC CTC TCC 3′, position: 1-24, see Fig. 1 ), PtHSP60-R1 (5′ TGG TCA CCT GGC GGG ACA GTG AGC 3′, position: 506-529, see Fig. 1 ) and PtHSP60-F2 (5′ CAA GGC GGT GGA GCT GAA GGA CAA G 3′, position: 282-306, see Fig. 1 ) based on the partial HSP60 EST sequence obtained previously. One degenerate primer PtHSP60-R2 (5′ TTA CAT CAT GCC DCC CAT RCC KCC C 5′, position: 1,752-1,776, see Fig. 1 ) was designed based on the conserved amino acid sequence of HSP60s in the National Centre for Biotechnology Information (NCBI) database.
Samples (2 μg) of total RNA obtained from the 6th gill dissected from three cabs acclimated to two different salinity challenges (10 or 40 ppt). Then, cDNA was generated by reverse transcription with an oligo(dT) primer using Superscript II RNase H-Reverse Transcriptase (Invitrogen). PCR amplification was conducted using a final concentration of 0.5 μM of each primer, 2.5 μM MgCl 2 , 1×PCR buffer, 200 μM of each dNTP, 100 μg/ml bovine serum albumin (BSA), 2.5units TaqDNA polymerase (TIANGEN, China), and 80-100 ng cDNA templates. PCRs were conducted on a thermocycler (Mastercycler gradient, Eppendorf) with the samples loaded at 95°C and denatured initially for 5 min. This was followed by 30 cycles of 1 min denaturation at 95°C, 1 min annealing at 55°C, and 2 min extension at 72°C. The 30 cycles were followed by a final extension of 10 min, and cooling to 4°C before the PCR products were removed from the thermocycler.
The DNA fragments encoding full-length PtHSP60 were amplified from P. trituberculatus cDNA by PCR with the PtHSP60-F1/PtHSP60-R1 primer set and PtHSP60-F2/ PtHSP60-R2 primer set, respectively. After amplification, the PCR products were cleaned using TIANgel Mini/Midi Purification Kit (TIANGEN, China), integrated into pMD18-T vector (TAKARA) and transformed into competent DH5a, Escherichia coli (TIANGEN). Cells were spread on to agar plates containing LB-ampicillin and incubated overnight at 37°C to promote selective growth of transformed colonies. Positive colonies were identified by white/blue selection and then subject to ABI 3730 DNA sequencing with T3 and T7 universal primers.
Sequence analysis, multiple sequence alignment, and phylogenetic analysis
The full-length cDNA sequence of PtHSP60 was analyzed for similarity with the BLAST programs (Altschul et al. 1997) at the National Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov/BLAST/). The deduced amino acid sequences were obtained using BioEdit software (Hall 1999 ) and motifs were predicted using ExPASy (http://www.au.expasy.org). The molecular mass and theoretical isoelectric point was predicted using the compute pI/Mw tool (http://www.expasy.org/tools/ pi_tool.html). Phylogenetic trees were constructed using the amino acid sequences from various organisms, including vertebrates and invertebrates. The amino acid sequences were aligned using Clustal W software (Thompson et al. 1997) . Molecular phylogenetic trees were constructed using the neighbor-joining method from the phylogenetic component of the MEGA3.1 software, and the tree topology was evaluated by 1,000 replications bootstraps.
Tissue expression analysis
The expression of HSP60 mRNA in various tissues was examined by semi-quantitative RT-PCR. Samples (2 μg) of total RNA from gill (the 6th pair of gills), appendicular muscle, intestine, antennal gland, abdominal muscle, hypodermis, heart, and hepatopancreas were reverse-transcribed with an oligo(dT) primer, respectively. The amplification of HSP60 mRNAs was performed using a pairs of specific primers: PtHSP60-F3 (5′-GAA GGG CAA GGG CAA GTC ATC AGA -3′, position: 1,113-1,136, see Fig. 1 ) and PtHSP60-R3 (5′-GCC CGT CGC TTC CTC CAC CTT GTT -3′, position: 1,513-1,536, see Fig. 1 ). The amplification of β-actin mRNA (120 bp; GenBank accession number FJ641977), which was used as an internal PCR control, was performed using a pairs of specific primers: actF (5′-TGC TGT CCT TGT ACG CCT CC -3′) and actR (5′-CCA GAC GCA GGA TAG CGT GA -3′). RT-PCR was performed using the following conditions: denaturation at 95°C for 5 min, 30 cycles of 95°C for 30 s, 56°C for 30 s and 72°C for 30 s; extension at 72°C for 10 min. The PCR products were visualized on a UV transilluminator after electrophoresis on a 2.0% agarose gel containing ethidium bromide (0.5 μg/μl).
The relative expression of PtHSP60 of each tissue for each salinity treatment was quantified by densitometry, measuring the relative intensity of amplified bands, using the software of AlphaView (version 1.2.0.1). Expression index is calculated based on the ratio of band intensity of 
PtHSP60-F3
PtHSP60-R3 Fig. 1 Nucleotide and deduced amino acid sequences of PtHSP60 (GenBank accession JN628037). The nucleotide sequence is numbered from the 5′end, and the single letter aa code is shown below the corresponding codon. Nucleotide and deduced amino acid residues are numbered on the left. The start code ATG and the termination code are shown underlined. The classical mt-HSP60 signature motifs were double underlined. The 1,734 bp (577 amino acids) sequence contains a presequence of 27 amino acids at the N terminus that is required for import into the mitochondria (underlined). The ATP-binding motif and a typical GGM repeat motif at the C terminus are boxed. The locations of three pairs of primers (PtHSP60-F1/ PtHSP60-R1, PtHSP60-F2/ PtHSP60-R2, PtHSP60-F3/ PtHSP60-R3) designed for PCR used in our study are indicated by arrow and detailed sequences for those primers are indicated by light grey PtHSP60 and β-actin for each tissue. Statistical analysis was performed with SPSS software (version 11.0). The data were analyzed with a one-way ANOVA followed by the Duncan's and Tukey's multiple comparison tests. Differences were considered to be significant at P<0.05.
PtHSP60 gill mRNA expression profile against salinity challenge
The gill mRNA expression of PtHSP60 at different exposure times under different salinity challenges were examined using semi-quantitative RT-PCR experiments. Briefly, total RNAs were extracted from each group including three crabs and first-strand cDNAs were synthesized using the method described above. The amplification of gill PtHSP60 mRNAs was performed using a pair of specific primers: PtHSP60-F3/ PtHSP60-R3 and RT-PCR was performed described above. In our previous study, ribosomal protein L8 (RpL8) was considered as the stable gene in gill tissue during salinity challenge in swimming crab, and it was therefore selected as an internal PCR control (Xu and Liu 2011) . The amplification of RpL8 mRNA (158 bp) was performed using a pairs of specific primers: RpL8F (5′-GCG TAC CAC AAG TAT CGC GT -3′) and RpL8R (5′-AGA CCG ACC TTC CTA CCA GC -3′). RpL8 was an internal control to verify the successful transcription and to calibrate the cDNA template for corresponding samples.
Semi-quantitative RT-PCR was carried out described above. The PCR products were analyzed by electrophoresis on a 2.0% agarose gel containing ethidium bromide. The relative expression of PtHSP60 was calculated based on the ratio of band intensity of PtHSP60 and RpL8 at each sampling point. Statistical analysis was performed with SPSS software (version 11.0) described as above.
Western blot analysis
The PtHSP60 expressions at protein level of gill tissues at different exposure times under different salinity challenges were examined using Western blot analysis. The gill (the 7th pair of gills) tissues from each group including three crabs were sampled after salinity acclamations were each homogenized in 5 ml of 50 mM Tris-HCl (pH07.2) with 50 mM NaCl on ice, and centrifuged at 10,000×g for 20 min at 4°C (5 min each time). The resulting supernatants were collected for protein concentration measurement. Protein concentrations were determined by the method of Bradford (1976) using bovine serum albumin as a standard.
Sixty micrograms of protein were loaded in separate lanes of a 12% SDS-PAGE gel, and electrophoretically separated. The gels were then washed for 15 min in 20 mM PBS containing 0.1% Tween-20, and the proteins in the gels were blotted onto a nitrocellulose membrane (Hybond, Amersham Pharmacia). Blotted membranes were incubated in 20 mM PBS containing 3% BSA at 4°C overnight, and then in anti-Hsp60 antibody (HuaAn. Biotechnology Co. China) diluted 1:800 with 20 mM PBS containing 0.1% Tween-20 for 1 h. After washing in 20 mM PBS, the membranes were incubated with HRP-conjugated IgG diluted 1:2,000 at 25°C for 1 h, after which the bands were visualized using DAB and 0.03% H 2 O 2 . The expression of β-actin was used as control. Anti-β-actin antibody (HuaAn, Biotechnology Co. China) was diluted 1:1,000, and the same detection methods were used as above. The PtHSP60 levels of each tissue under different salinity treatments were quantified by densitometry, through measuring the relative intensity of each band, using the software of Image-Pro Plus 6.0. The protein expression index is calculated based on the ratio between PtHSP60 and β-actin. The data were expressed as means±SD from three different Western blot experiments using the same samples. Statistical analysis was performed with SPSS software (version 11.0) described as above.
Results
Identification of PtHSP60 full-length cDNA
Based on partial HSP60 cDNA sequences (PT0005F02) obtained from our EST library (Xu et al. 2010) , two pairs of primers, PtHSP60-F1/PtHSP60-R1(529 bp), PtHSP60-F2/PtHSP60-R2(1,495 bp) were designed to clone fulllength cDNA sequence of the PtHSP60 gene. The coding sequence of the full-length cDNA of PtHSP60, from the start codon (ATG) to the stop codon (TAA), possessed an open-reading frame (ORF) of 1,734 bp (Fig. 1) . The predicted ORF encoded a protein of 577 amino acids with a predicted molecular mass of 61.25 kDa and a theoretical isoelectric point (pI) of 5.28. The 1,734-bp (577 amino acids) sequence contains a presequence of 27 amino acids at the N terminus that is required for import into the mitochondria (Fig. 1) . As expected, the mitochondrial presequence is less conserved among the various species, and it contains a majority of nonpolar amino acids (56% of the sequence), 18% of basic acids (arginine), and no acidic amino acids (Bedwell et al. 1989; Emanuelsson et al. 2001) . The cDNA sequence of the PtHSP60 gene is deposited in the GenBank database with accession number JN628037.
The BLAST (BLASTP) search of the NCBI database with the deduced amino acid sequence for the HSP60 from P. trituberculatus revealed that it has similar, conserved substitutions (positive) with HSP60s/chaperonins from four animal phylums: Arthropoda, Mollusca, Echinodermata, and Chordata. The detailed comparisons were shown in Table 1 . A conserved domain search of the NCBI database and application of the program patmatmotifs in EMBOSS identified a conserved ATP-binding/Mg 2+ -binding site, hinge regions, and stacking interaction sites (MarchlerBauer et al. 2007 ).
Phylogenetic analysis of the PtHSP60 protein Twelve different HSP60 sequences were aligned and the amino acid similarity was calculated. Multiple alignments of HSP60 full amino sequences were shown in Fig. 2 . The deduced amino acid sequence of PtHSP60 showed the highest identity (88%) with Pacific white shrimp (L. vannamei, ACN30235). It also shared high identities (78, 77, 76, and 75%) with Drosophila melanogaster HSP60 (NP_511115), Biomphalaria glabrata HSP60 (ACL00842), Aedes aegypti HSP60 (XP_001661764), and Paracentrotus lividus HSP60 (CAB56199) ( Fig. 2 ; Table 1 ). Furthermore, PtHSP60 also showed significant identity with other invertebrate and vertebrate HSP60 (Fig. 2) .
A phylogenetic tree was constructed by analyzing the amino acid sequences of P. trituberculatus HSPs and similar HSPs of other invertebrate and vertebrate species. The result indicated that PtHSP60 belong to the HSPs family. As shown in Fig. 3 , P. trituberculatus HSP60 shares greater identity with the Pacific white shrimp (L. vannamei, ACN30235) than it does with insects.
Tissue distribution of PtHSP60 mRNA
To examine the tissue distribution profile of the PtHSP60 gene, semi-quantitative RT-PCR analysis from several tissues including gill (the 6th pair of gills), appendicular muscle, intestine, antennal gland, abdominal muscle, hypodermis, heart, and hepatopancreas were conducted. A 424-bp fragment of the HSP60 gene was amplified in all tissues examined with primers PtHSP60-F3 and PtHSP60-R3.
As shown in Fig. 4 , the mRNA level of P. trituberculatus HSP60 in the antennal gland was comparably higher than it was in other tissues at normal salinity (25 ppt). As for the salinity challenge, the mRNA expression of PtHSP60 showed a salinity-dependent response under salinity stress (Fig. 4) . During the low salinity challenge, the mRNA LGKVGEVIVTKDDAMLLKGKGDKAHIEKRIQEITEQLDITTSEYEKEKLNERLAKLSDGVAVLKVGGTSDVEVNEKKDRVTDALNAT 428
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LGQVGEIAITKDDTLILKGKGKQEDVDRRVAEIAEQIENTNSEYEREKLNERLAKLSDGVAVLKVGGSSDVEVNEKKDRVNDALNAT 434 FGNVGEVTVTKDDTLLMKGKGNKADIEKRIAQIKDEIEISTSEYEKEKFGERLAKLSNGVAVLKIGGTSEVEVNEKKDRINDALNAT 426
LGMVGEVQITKDDTLLLKGKGKSSDIERRIGQIREQIEDSNSEYEKEKMQERMARLSNGVAVVKVGGSSEVEVNEKKDRVNDALCAT 427
LGQVGEVQITKDDTLLLKGKGNSSDIQRRVDQIKDQIADSSSEYEKEKMQERMARLASGVAVVKVGGSSEVEVNEKKDRVNDALCAT 427
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LGQVGEITITKDDCMMLKGKGDSKHVEARVEQIRDQIAETTSEYEKEKLQERLARLSSGVAVLKIGGSSEVEVNEKKDRVNDALCAT 425 expression of PtHSP60 was higher in the gill and appendicular muscle compared with other tissues, and gill and hypodermis represented the comparably higher gene expressions during the hyperosmotic stress, which indicated that those tissues were salinity sensitive tissue (Fig. 4) . Moreover, it was also clear that during low and high salinity challenges (10 and 40 ppt), mRNA level of P. trituberculatus HSP60 in the gill was significantly higher (P<0.05) than that at the control salinity (25 ppt) (Fig. 4) , which was consistent with the suggestion that the gill was the main tissue to respond to environmental salinity stressors.
The PtHSP60 transcription and protein level changes in P. turberculartus gills under salinity challenges
To determine whether PtHSP60 expression was time dependent under salinity challenges, three swimming crabs were sampled at each time point. RNA and protein level expression of PtHSP60 in P. turberculartus gill tissue at different exposure times under different salinity challenges were examined using semi-quantitative RT-PCR experiments and Western blot analysis, respectively. It was found that the mRNA expression of PtHSP60 in P. trituberculatus under salinity stress had a curvilinear trend with time. During high salinity stress, the mRNA level reached a peak at 12 h, decreased a little at 24 h, then increased at 48 h, then decreased gradually to the pretreatment level at 120 h (Fig. 5a) . As for the low salinity challenges, the mRNA level increased at 12 h, then gradually decreased to the pretreatment level at 48 h, and then increased sharply and reached a peak at 120 h (Fig. 5a ).
As shown in Fig. 5a , during high salinity challenge, the PtHSP60 transcript was significantly upregulated (3.2-fold) in the gill at only 12 h (P<0.05). With prolonged exposure time, the expression level of PtHSP60 mRNA dropped back down to the control level. However, significant differences in the expression levels of PtHSP60 in the gills were observed at 12, 24, and 48 h compared with the control. Fig. 3 The neighbor-joining tree shows the relationship of PtHSP60 with other known HSP60s. Alignment of amino acid sequences are produced by Clustal W, and the bootstrap neighbor-joining phylogeny tree was constructed by MEGA 3.1 (bootstrap01,000). The species and accession numbers are the same as shown in Fig. 2 . Branch lengths are proportional to estimates of evolutionary change. The number associated with each internal branch is the local bootstrap probability, which is an indicator of confidence As for the low salinity stress, the expression of PtHSP60 transcripts was gradually upregulated to 2.2-fold at 72 h in the gills, and then reached the highest level (2.7-fold) at 120 h of low salinity challenge (Fig. 5a) . Moreover, significant differences in the expression levels of PtHSP60 mRNA were observed at 12, 72 and 120 h compared with the control when facing low salinity stress (Fig. 5a) .
To further examine the levels of PtHSP60 protein, Western blot analysis was performed, and we found that salinity challenges significantly altered the PtHSP60 levels in a salinity-and time-dependent manner in the P. trituberculatus gill tissue (Fig. 5b) . Different from the semiquantitive RT-PCR results from the gill tissue, PtHSP60 protein was not significantly induced at the early stage (12 and 24 h) (Fig. 5b) , but significantly increased at 48 and at 72 h time points comparing with the controls under both hypo-and hypersaline challenges (Fig. 5b) .
Discussion
For most aquatic organisms, they are confronted with numerous environmental stressors such as osmotic stress. In response to osmotic stress, a highly conserved set of proteins, termed HSPs are induced. Acting as molecular chaperones, HSPs assist in the refolding of stress-denatured proteins, and prevent those proteins from aggregating in the cell. And HSPs' expressions are induced as a result of environmental stress (Frydman and Höhfeld 1997; Morimoto 1998; Feder and Hofmann 1999; Hartl 1996; Hasday and Singh 2000; Deane et al. 2002) .
Among the different families of HSPs, HSP70, HSP90, and HSP60 were mostly researched proteins. HSP70 is essential in mediating the effects of environmental stresses, maintaining cellular homeostasis (Geething and Sambrook 1992; Parsell and Lindquist 1993; Chen et al. 2008) , and playing a critical role in toleration of osmotic stress in various species including lobster (Homarus americanus) (Spees et al. 2002b) , sea cucumber (Apostichopus japonicus) (Dong et al. 2008) , rainbow trout (Oncorhynchus mykiss) (Niu et al. 2008) , euryhaline cilate (Paramecium nephridiatum) (Smurov et al. 2007 ), intertidal copepod (Tigriopus japonicus) (Rhee et al. 2009 ), and so on. Moreover, multiple functions have been assigned to HSP90 such as protein folding, cell signaling, and protein degradation, in both normal metabolism and protecting organisms under stressful conditions including osmotic stress condition (Geething and Sambrook 1992; Spees et al. 2002b; Pearl and Prodromou 2006) . For example, HSP90 from Pennisetum glaucum were suggested having roles in abiotic stress (including salinity stress) adaptation (Reddy et al. 2011) . HSP90 from Crassostrea hongkongensis was also suggested to play an important role in both salinity tolerance and immune defense (Fu et al. 2011) . HSP60 is primarily a mitochondrial protein that is important for folding key proteins after import into the mitochondria. An important activity of HSP60s is mediation of the native folding of proteins (Ellis and van der Vies 1991) . Thus, the chaperone activity appears to play central roles in defense ability and response to stress in addition to normal cells (Vabulas et al. 2001) . However, very few literatures addressed HSP60s function on salinity tolerance so far.
P. trituberculatus is one of the most important aquaculture species and water salinity condition is an important factor for artificial propagation of the swimming crab. In an attempt to better understand the response to salinity stress in this crab species, the PtHSP60 gene was cloned and the expression patterns induced by salinity stress were analyzed. Therefore, the results presented here provide useful insight for investigating stress-related cellular response and for identifying potential biomarkers of environmental stressors in P. trituberculatus.
In this study, the full-length gill cDNAs of the PtHSP60 gene was identified and characterized. The sequence of PtHSP60 contains 1,734 bp and encodes 577 amino acids. Alignment also revealed that The 1,734 bp (577 amino acids) sequence contains a 27-amino acid extension at the N terminus, which may serve as a mitochondrial targeting signal (Fig. 1 underlined) (Emanuelsson et al. 2001) . Conserved sequences and characteristic motifs, such as HSP60 family signatures, ATP-binding/Mg 2+ -binding site (from 194 to 212 amino acid residues) (Marchler-Bauer et al. 2007) , and conserved GGM repeats at the C-terminal end (the structure and function of which are unknown (Sanchez et al. 1999) ), as well as the major structural and functional domains typically found in HSP60 proteins (Choresh et al. 2004) , were found in the deduced PtHSP60 amino acid sequence, which suggested that HSP60 protein of P. trituberculatus presented here was a member of the mitochondrial HSP60 chaperone family.
Sequence similarity searches revealed that the deduced amino acid sequence of PtHSP60 shares high similarity with previously described HSP60 sequences from shrimp, fruit fly, zebrafish, human, etc. (more than 80% similarity in all matches) (Table 1; Fig. 2 ). The neighbor-joining method was used to conduct a phylogenetic analysis including HSP60 from vertebrate and invertebrate species (Fig. 3) , which indicated that the HSP60 genes have highly conserved sequences and could be used for evolutionary and phylogenetic analysis.
The distribution patterns of PtHSP60 were determined in eight different tissues. Under normal salinity condition, PtHSP60 gene was expressed in all tested tissues of P. trituberculatus, suggesting that these gene products were required to maintain cell homeostasis. Although PtHSP60 gene was expressed in different tissues, the expression level was comparably higher in some tissues such as antennal gland and intestine than in others. The transcription expression profile of PtHSP60 among different tissues revealed that PtHSP60 was significantly up-regulated in the gills after low and high salinity challenges, which suggested that the P. trituberculatus gill was the salinity sensitive tissue and therefore could be used as the target in a time-dependent study. In addition, levels of PtHSP60 transcripts in appendicular muscle and hypodermis were significantly increased during low salinity and high salinity, respectively, which suggested that those two tissues might be involved in osmoregulation process.
As we know, salinity stress impacted on the folding and transformation of proteins and the HSPs played important roles in maintaining biological processes in the organism challenged (Smurov et al. 2007; Rhee et al. 2009 ). HSP60 contributes to the maintenance of structural integrity (Ellis and van der Vies 1991) . The damage to an organism was increased with salinity variations and in order to maintain structural integrity at salinity stress needed more molecular chaperones, so the transcripts of the HSP60 gene were increased. In crustaceans, gills are respiratory organs that are in direct contact with the external environment and are known the major active site for osmoregulation, detoxification, and defense mechanisms (Henry and Wheatly 1992; Taylor and Taylor 1992; Péqueux 1995) . Owing to its function in metabolism, the gill can be sensitive to environmental changes. The time-course expression pattern at mRNA and protein levels of PtHSP60 was determined in the P. trituberculatus gill by semi-quantitative RT-PCR and Western blot analysis, respectively. Our studies suggested the expressions of the gill PtHSP60 at mRNA and protein level were altered with the time and salinity (Fig. 5a, b) , a response possibly linked to the repair of misfolding proteins and to maintaining homeostasis of the cellular metabolism in P. trituberculatus under salinity stress. During high salinity challenge (40 ppt), the mRNA expression level of PtHSP60 reached peak at 12 h and remained high at 48 h, whereas the mRNA expression of PtHSP60 reached a minimum at 48 h during low salinity stress (10 ppt) (Fig. 5a ). The different expression profiles of PtHSP60 indicated its different functions under different salinity challenges. However, the continued synthesis of HSPs requires a great deal of energy and has an impact on the synthesis of other proteins and on the growth of the organism (Krebs and Feder 1997; Viant et al. 2003) . Thus, during the high salinity stress, for the maintenance of biological processes, the transcripts of PtHSP60 gene decreased gradually after 48 h, and returned to the untreated level at 120 h (Fig. 5a) .
As for the protein expression of PtHSP60, it was clear that PtHSP60 protein expression were significantly up regulated in gill tissue after 48 h salinity acclimation for both hypo-and hypersaline challenges (Fig. 5b) . The elevated protein levels of the PtHSP60 could enhance the salinity tolerance of P. trituberculatus and strengthen the correction of misfolding protein. However, compared with mRNA expression profile of PtHSP60, the time-course expression pattern at protein level of PtHSP60 exhibited apparent disagreement responding to different salinity challenges. It was indicated in higher vertebrate models that the transcription of message and the translation of HSPs are in apparent disagreement and it has been proved that the transcriptional activation of HSPs might not be paralleled by protein synthesis (Hensold et al. 1990; Bruce et al. 1993) . Therefore, the disagreement between time-course expression pattern at mRNA and protein levels of PtHSP60 in P. trituberculatus gill tissue against salinity challenges was not unexpected.
In conclusion, we identified the effective chaperone activity of PtHSP60 and described its differential expression patterns in response to environmental salinity stress. Our results support that PtHSP60 possibly participates in crab salinity stress response. This indicates that PtHSP60 regulates the salinity response via an intrinsic pathway. Further research is required to confirm this speculation.
